There has recently been a great deal of research into the appropriate building materials for eco-friendly construction. In the field of earth architecture, there have been walls made of pure earth or with rammed earth including a small amount of cement. The purpose of the study is to investigate the possibility increasing compressive strength through a more eco-friendly composition by using Hwangtoh binder rather than cement to increase the strength performance of rammed earth. It was found that the more the ratio of binder was increased, the more the strength was increased, but enhancement did not increase noticeably in the lower part that did not compact completely, and proper height to pour earth is 200 mm. When stone dust was added, compressive strength was lower than when adding fine aggregate and coarse aggregate, but a finer surface texture was provided.
process. As a result of this trend, as Koreans have taken a keen interest in the environment, a traditional wall building method, the rammed earth wall, has been given attention. The rammed earth wall is a method used to harden the earth in a mold. To make the rammed earth wall, wet earth is used, the pores in the earth are reduced by the ramming pressure, and the density of the rammed earth is increased as a result. The rammed earth wall was used in traditional construction; but as the interest in its unique pattern picks up, demand for rammed earth has been on the rise. Rammed earth building structures are known to have been developed in the ancient civilizations of Egypt, Minos and Rome [1, 2] . Thanks to the efforts of UNESCO, earthen houses are being preserved all over the world. In particular, since the oil shock of the 1970s, earthen houses have been built once again using cutting-edge technologies, in numerous countries including Germany. Building structures with rammed earth walls offer improved air quality and temperature and a humidity-controlled fresh space.
Even considering that under dry conditions, the density of earth stands at 1,800~2,200 kg/㎥, and compressive strength at 1.3 MPa, which are lower than those of concrete or red bricks and are known as a weakness [3] , there is almost no environmental load when only the earth is used without any other materials added, and the buildings have little negative impact on the environment. Notwithstanding this, rammed earth walls are reported to have problems with durability, like separation from and destruction of the surface by wind or rainwater as well as strength. For this reason, rammed earth walls need frequent repairs, and thus to improve compressive strength of earth and reinforce the durability of the walls, a binder is added [4] .
Thus, unlike the conventional rammed walls, which have a small amount of cement added for strength performance, the rammed earth in this study was only mixed with a Hwangtoh binder, and not with any cement. This study aims to understand the compressive strength of the rammed earth specimens and constructability when using dry earth with the Hwangtoh binder.
Research method and scope
This study is about one of the representative earth construction methods. In this study, a
Hwangtoh binder made of Hwangtoh and lime [5] was added for comparison with traditional rammed earth. Traditional rammed earth not only has poor durability but is also hard to use in construction due to ramming and the cost of labor. The goal of this study was to determine the compressive strength of the Hwangtoh-mixed earth according to W/B, unit binder weight, and mixing amount of admixture. The mixing ratio appropriate for the rammed earth was derived through a preliminary experiment. The earth used in this study is rammed, but not placed. When rammed, the ramming pressure was set to be lower than that used for wet earth in consideration of the Plastic condition of the earth. As indicated in 3.3
Preliminary experiments for rammed earth, the earth was rammed and compressed either by hand or by a machine. The earth that was rammed in this way could endure external stress, and as more ramming energy was applied with the passage of time, the pores were reduced and the strength was improved, accordingly. Based on the rammed earth method widely used in Korea, the earth was mixed with an appropriate amount of water to achieve the desired fluidity for this study. bricks were used instead of mortar. The strength of the earth block mixed with cement was measured at 2-4.5MPa, and there was one case in which it was mixed more than 6% to make walls, and exceeded 0.9Mpa [7] . A steel rammer was used for ramming, and thin steel or plywood was used as a mold. In Sri Lanka, there was a case in which a single story building was built within a short period of time using a ramming method, in which a vertical steel sliding mold system was introduced. In particular, although 50% of labor was used up to put molds together, take them apart after construction, clean and transport them, the mold system can be used several times. But the inconvenience and high labor cost has prevented several countries from introducing and applying the system, and they are seeking a better solution.
In Korea, there were some cases in which houses were built in Gunsan after the Korean War using a rammed earth method, as shown in Figure   1 (a), and a machine rammer has been used in many construction projects, as shown in Figure 1 (b). At Bath University (UK), there was a case in which the compressive strength of rammed earth with only earth was measured at about 1.0-3.0MPa. It reported that earth in which gravel and clay are distributed evenly is ideal, and laterite showed better performance than clay when mixed with cement [3] . The type of earth for rammed earth could pass unnoticed, but when earth has too much clay, the surface texture may be improved, but cracks can occur after construction. On the other hand, when earth has too little clay, the particles cannot be combined with each other and the surface becomes tough, which might have an impact on the durability of the structure. For these reasons, the type of earth used for rammed earth is an important factor. In addition, when too little water is mixed, the earth particles cannot be combined properly, and in terms of strength it is inefficient when the mold is removed. On the other hand, when too much water is mixed, viscosity becomes high, which affects the density of earth. Based on the research data of the physical properties of Hwangtoh binder [5] , strength was tested according to mixing condition and ramming height. As shown in Table 1 Table 3 . Physical properties of HB
2) Admixture
The admixture used in this study is polycarboxylate superplasticizer, and the physical properties are indicated in Table 4 . 3) Sand and stone powder As shown in Table 5 , the sand used in this test was collected from a waterfall had grain size of less than 1.2mm. Its water content was 1.4%. The grain size of sand is small because the rammed pattern was not expressed properly when using sand with grain size less than 5mm in preliminary ramming tests. The size of sand was also determined through several preliminary tests, and fine aggregate was 45%. Stone powder with a size of less than 13mm was collected in Naju, and its water content was 1.65%. Table 5 . Particle size distribution of Sand, stone powder
4) Gravel
As shown in Table 6 and Figure 3 , the gravel used in this test was collected in Muan-gun, Jeollanam-do. Its water content was 1.8% Each ramming time was set at 10 seconds. After finishing ramming, the top of the specimens was flattened using a plastering knife. 10×20cm cylindrical molds were used for the specimens placed from 15cm and 20cm of height. 15×30cm cylindrical molds were used for the specimens placed from 25cm of height. To distinguish hand ramming and machine ramming before the test, preliminary tests were conducted as follows. When using the earth with 10% water content, the density was shown to be highest in machine-rammed specimens and in the Proctor method, as indicated in Table 7 . over Hwangtoh binder, and water was added to make the fluidity of the specimen appropriate for ramming. As shown in Table 8 , the higher the mix proportion of the unit binder, the higher the compressive strength was found to be overall. In particular, when the mix proportion of unit binder was lower, no noticeable strength development was found in the comparison of the specimens at 7 days and at 28 days. It is believed that the upper part was rammed stably since the ramming pressure was directly put on the upper part of the specimens; however, since the density of the lower part was weak, and the ramming pattern was formed, more strength could not be developed. In addition, the higher the mix proportion of unit binder, the higher the compressive strength measured. As shown in In terms of the ramming method, compressive strength of specimens rammed by a rammer with greater ramming pressure was measured to be higher than that of specimens rammed by hands. It is believed that higher strength was developed in the specimens rammed by the rammer because the pores in the earth might be reduced in the physical aspect, and the W/B ratio for pozzolanic reaction might be reduced in the chemical aspect. ※ 150mm was applied to stone powder equally. It is believed that strength was prevented from developing by the ramming pattern formed due to not having been rammed after 7 days.
That is, strength at the part with the ramming pattern was measured to be low, and the low density at the part might retard strength development. Through the test results, it was found that when the superplasticizer was added, relatively higher compressive strength was developed, but there was no great change in strength after 7 days. Figure 6 , The earth was placed at different heights of 150mm, 200mm, and 250mm using the machine rammer, and rammed. Through the test results, it was found that higher compressive strength was developed at 200mm that at 150mm. However, when set at 250mm, the compressive strength was found to be greatly decreased. Placement height of 250mm is considered appropriate for rammed earth. This result contradicted the general belief that the lower the placement height, the higher the compressive strength. The causes of this result should be clarified through further analysis of ramming pattern, ramming pressure and lateral pressure in future research. In addition, when set at 150mm, there was no great change in strength after 7 days, while when set at 200mm, there was a gradual change in strength until 28 days.
4.4
Compressive strength according to stone powder When stone powder was added, overall strength was lower than when sand or aggregate was added. This is believed to be due to grain size.
Compressive strength was gradually increased with the passage of time, and showed a different strength property from that of specimens with 
